The aim of the study was to clarify the distinctive features of stem cells for effective cell-based therapy strategies in regenerative medicine. The expression levels of cytokines secreted from stem cells from exfoliated deciduous teeth (SHED), dental pulp stem cells (DPSCs), and bone marrow derived mesenchymal stem cells (BMMSCs) were examined to identify the details of their characteristics. A total of 174 cytokines were analyzed using cytokine antibody array, and their expression levels were confirmed by an enzyme-linked immunosorbent assay. These results indicated that 11 cytokines that were related to tissue regeneration, including growth factors, chemokines, and inflammatory cytokines, were identical in SHED, DPSCs, and BMMSCs. The comparative analyses between SHED and BMMSCs revealed that hepatocyte growth factor (HGF), matrix metalloproteinase-3, and stromal cell derived factor 1 (SDF-1) were expressed 6.7-, 2.5-, and 2.1-fold higher, respectively, in SHEDs. HGF was also expressed 3.4-fold higher in DPSCs than BMMSCs. Monocyte chemoattractant protein-1, and-3 were expressed more strongly in BMMSCs. SHED contained significantly higher SDF-1 levels than DPSCs. The distinct cytokine secretion indicated that they had different character besides basic MSC features. This knowledge of diagnostic cytokines analysis secreted from SHED, DPSCs, and BMMSCs extends our understanding, and can provide a novel therapeutic paradigm shift for functional cell-based therapy.
Introduction
Mesenchymal stem/stromal cells (MSCs) are multipotent stem cells that have been widely investigated as a powerful tool for tissue engineering and regenerative medicine. MSCs were first found in bone marrow [1] followed by various tissues such as oral tissue [2] , adipose tissue [3] , muscle, dermis [4] , and fetal tissue [5] . Among them, stem cells from oral tissue including dental pulp, periodontal ligament, dental follicle, apical papilla, oral mucosa, and gingiva have a promising origin due to their easily isolated and accessible sources (Figure 1a ). 
Cytokines Secreted from SHED, DPSCs, and BMMSCs
The cytokine antibody array analysis was used to identify the cytokines that were secreted from SHED, DPSCs, and BMMSCs ( Figure 2 ). In total, 174 human cytokines were analyzed, and 1.5-fold or more expressed cytokines in SHED, DPSCs, and BMMSCs compared to the Dulbecco's modified Eagle medium (DMEM)-control are shown in Figure 3 . The cytokines that expressed lower levels 
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Cytokines

SHEDs DPSCs BMMSCs
Growth factors
Angiogenin
Inflammatory cytokines
Osteoprotegerin
Other cytokines
Axl
Abbreviations: HGF, hepatocyte growth factor; TGF-β1, transforming growth factor beta 1; EGF-R, epidermal growth factor receptor; IGFBP-2, insulin-like growth factor binding protein-2; IGFBP-4, insulin-like growth factor binding protein-4; PDGF AA, Platelet derived growth factor AA; MCP-1, monocyte chemoattractant protein-1; MCP-3, monocyte chemoattractant protein-3; GRO, growth regulated oncogene; SDF-1, stromal cell derived factor 1; CXCL-16, C-X-C motif ligand-16; NAP-2, Neutrophil Activating Protein-2; TIMP-2, tissue inhibitor of metalloproteinase-2; IL-6, Interleukin-6; LAP, latency associated peptide; VE-Cadherin, vascular endothelial cadherin; MMP-1, matrix metalloproteinase-1; MMP-3, matrix metalloproteinase-3.
Comparison of Cytokines Expression Levels of SHED, DPSCs, and BMMSCs
Comparative analyses were performed among SHED, DPSCs, and BMMSCs. Difference factors at levels two-fold or higher are shown in Figure 4 . The cytokines that expressed lower levels than the DMEM-control were eliminated in these analyses. The analyses between SHED and BMMSCs revealed that HGF, MMP-3, bone morphogenetic proteins-7 (BMP-7), and SDF-1 were expressed 6.7-, 2.5-, 2.2-, and 2.1-fold more strongly, respectively, in SHED (Figure 4 ). HGF and BMP-7 were also expressed 3.4-, and 2.3-fold higher in DPSCs than in BMMSCs, respectively. MCP-1 and MCP-3 were expressed more strongly in BMMSCs compared to both SHED and DPSCs. The SHED secretome contained higher concentrations of Axl (3.4-fold), GRO (3.1-fold), and SDF-1 (2.3-fold) than DPSCs. 
Enzyme-Linked Immunosorbent Assay
To confirm the protein levels of cytokine expression, the expression patterns of related cytokines were validated using an enzyme-linked immunosorbent assay (ELISA) ( Figure 5 ). The ELISA data revealed that the secretion of HGF, MMP-3, and SDF-1 were significantly higher in SHED than in BMMSCs. In addition, HGF and SDF-1 had a significantly higher expression in SHED than in DPSCs. 
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Discussion
Regenerative medicine is used to replace and repair damaged or diseased cells, tissues and organs to restore their normal functions with stem cells and related factors. The possibility to use endogenous and exogenous stem cells for tissue repair has emerged in the last 20 years [17] . The ultimate goal in the stem cell field and stem cell transplantation approaches is to find a way to translate our knowledge on stem cell biology into therapeutic applications for regenerative medicine. The need to overcome the drawbacks associated with the necessity of manipulating the cells and tissues before stem cell grafts has led to the development of new strategies to achieve tissue recovery and repair [18] . These grafting strategies require the exogenous activation of stem cells, endogenous re-activation, and the application of various cytokines and growth factors. These cytokines were originally identified in stem cell cultures and stem cells were activated in vivo [19] . In this study, we investigated the cytokines secreted from mesenchymal stem cells such as SHED, DPSCs, and BMMSCs for functional cell-based therapy to develop a new strategy. Out results indicated that SHED, DPSCs, and BMMSCs secreted common cytokines, such as chemokines; MCP-1, GRO, and SDF-1, inflammatory cytokines; osteoprotegerin, TIMP-2, IL-6, and LAP, and growth factors; angiogenin and insulin-like growth factor-binding protein-4 (IGFBP-2). However, comparative analyses among these stem cells revealed that they were widely different from each other in their expressed cytokine levels.
Quantitative analyses of the cytokines indicated that HGF was significantly higher in SHED than in DPSCs and BMMSCs. HGF was originally identified as a potent mitogen for mature hepatocytes. HGF also stimulates the proliferation and proteoglycan synthesis of some mesenchymal cells such as chondrocytes [20] . It has been indicated that HGF can also stimulate the proliferation and differentiation of progenitor cells [21] . In our previous study, the proliferation rate of SHED was significantly higher than that of DPSCs and BMMSCs. This result might be related to the HGF and the paracrine effect. That is, the expression of the HGF receptor is found mainly in epithelial cells, suggesting that HGF acts in a paracrine fashion to mediate interactions between epithelial and stromal cells during development and in normal tissue maintenance [22] . Previous studies also reported that HGF was more common in the conditioned medium of SHED than in that of BMMSCs and was involved in the protection of the heart from ischemic injury and the resolution of liver fibrosis [23, 24] . In addition, HGF has gained attention as a strong neurotrophic factor in the central nervous system. Phase I/II clinical trials were conducted using rhHGF for acute cervical spinal cord injury (SCI) [25] . The introduction of exogenous HGF into the spinal cord by injecting an HGF-expressing herpes simplex virus (HSV) vector significantly increased the survival of neurons and oligodendrocytes, as well as increased angiogenesis and axonal regeneration, to reduce the area of damage and promote motor function of the hind limbs after SCI [26] . Therefore, the SHED secretome may be a promising source for cell-based SCI treatment. Our results imply that SHED might be better stem cells sources for systemic diseases such as myocardial infarction, liver fibrosis, and SCI than DPSCs and BMMSCs.
Matrix metalloproteinases (MMPs) are members of the metzincin group of proteases that mainly function in the breakdown of the extracellular matrix (ECM) [27] . They play an important role in many normal physiological processes such as embryonic development, morphogenesis, angiogenesis, reproduction, and tissue remodeling [28, 29] . They also participate in many pathological processes such as arthritis, cancer, and cardiovascular disease [30] . MMPs may also affect bioactive molecules on the cell surface and modulate various cellular and signaling pathways. Alterations in MMP expression and activity occur in normal biological processes during pregnancy and wound healing [27] . MMP-3, a member of the MMP family, is reported to inactivate proinflammatory mediators, enhance the clearance of inflammatory cells, and regulate inflammatory conditions [31, 32] . MMP-3 is well known as a secretory endopeptidase that degrades the ECM [33] . Previous studies indicated that MMP-3 may be involved in not only the physiological matrix turnover but also the pathological destruction of tissue and wound healing. [34, 35] . In this study, the secretion of MMP-3 in SHED was significantly higher than that in BMMSCs. MMP-3 has been reported to be expressed in healthy dental pulp tissue and is involved in remodeling of the dentin matrix, suggesting that it may be related to the maintenance of pulpal homeostasis [35] . Moreover, it was reported that MMP-3 has anti-inflammatory effects in pulpal inflammation and plays a critical role in the angiogenesis and pulp wound healing of injured pulp tissue [35, 36] . Our previous study indicated that SHED enhanced wound healing [37] . MMP-3 secreted from SHED may be involved in the wound healing process and could be a useful agent for clinical application. SHED, DPSCs, and BMMSCs secreted various kinds of chemokines (Table 1) . SDF-1 is a member of the CXC chemokine subfamily. SDF-1 binds to the CXC receptor 4 (CXCR4) on the cell surface of the responsive cells. It plays a role in the recruitment, migration, and differentiation of stem/progenitor cells including hematopoietic/endothelial progenitor cells and mesenchymal stem cells [38] . SDF-1 has been used for the tissue engineering and regeneration of various tissues such as myocardia [39] , liver [40] , nerve [41] , cartilage [42] , and bones [43] . SDF-1 was also shown to promote the odontogenic differentiation of human dental pulp cells [44] , and is related to pulp regeneration [45] . In this study, SDF-1 were more expressed in SHED than in DPSCs and BMMSCs (Figures 3-5) . Therefore, the secretome from SHED may be used by endogenous stem cells or cytokine-mediated activation and/or mobilization of stem cells as treatment for various diseases and it may be useful for pulp regeneration.
On the other hand, MCP-1 is one of the key chemokines that regulates the migration and infiltration of monocytes/macrophages and provides essential signaling for normal bone healing [46] . MCP-1 also is known to contribute to the proinflammatory M1 response by recruiting macrophages to inflammation sites [47] . MCP-3 is another signaling pathway used to recruit progenitors from systemic circulation [48] and pro-inflammatory pathways, activating leukocytes by binding to several chemokine receptors [49] . MCP-1 and MCP-3 are MSCs homing factors and recruit MSCs to sites of injured tissue while also improving cardiac remodeling [46, 50] . In this study, MCP-1 was secreted at high levels in all SHED, DPSCs, and BMMSCs. MCP-1 and MCP-3 were expressed more strongly in BMMSCs compared to both SHED and DPSCs (Figures 3-5 ). MCP-1 may be related to MSCs' character, which exhibits unique immunoregulatory properties that contribute to tissue-repair; MCP-1 may also be a novel, potent therapeutic target for functional cell-based therapy. Moreover, the SHED secretome contained higher concentrations of Axl (3.4-fold) than DPSCs (Figure 4 ). Our previous studies indicated that SHED had significantly higher proliferation ability than DPSCs and BMMSCs. The comparative analysis of gene expression between SHED and DPSCs indicated that the cell proliferation network was accelerated in SHED than in DPSCs [13] . The role of Axl is related to extending the mediation of processes such as proliferation, migration, and adhesion in both normal and disease settings [51] . Therefore, Axl might be also related to the high proliferation ability of SHED.
Taken together, our results indicate that stem cells originating from exfoliated deciduous teeth dental pulp, permanent teeth dental pulp, and bone marrow have different cytokine profiles, despite being defined as MSCs, thereby indicating that they have identifying characteristics. The variety of cytokine expression levels may influence their tissue regeneration abilities. It might be important to select stem cells that are most suitable for the treatment of various diseases by determining their own features. Although further studies are required to examine the details of each cytokine function secreted from SHED, DPSCs, and BMMSCs, the cytokine secretion profile of this study will be useful for regenerative medicine. In conclusion, on the basis of this distinctive analysis of cytokine secreted from exfoliated deciduous teeth, dental pulp derived, and bone marrow derived mesenchymal stem cells, this study could extend, play a role in, and provide a new therapeutic paradigm shift for functional cell-based therapies in regenerative medicine.
Materials and Methods
Subjects and Cell Cultures
Human dental pulp tissues were obtained from clinically healthy extracted deciduous teeth and permanent teeth from individuals. SHED and DPSCs were isolated and cultured as previously described [8] . Briefly, pulp was gently removed and digested in a solution of 3 mg/mL collagenase type I and 4 mg/mL dispase at 37 • C. The cells were cultured in Dulbecco's modified Eagle medium (DMEM; GIBCO, Rockville, MD, USA) containing 20% mesenchymal cell growth supplement (Lonza Inc., Walkersville, MD, USA) and antibiotics (100 U/mL penicillin, 100 mg/mL streptomycin, and 0.25 mg/mL amphotericin B; GIBCO) at 37 • C under 5% CO 2 . Human BMMSCs were isolated according to the reported method [14] . Briefly, BMMSCs were cultured in DMEM supplemented with 10% mesenchymal cell growth supplement (Lonza Inc.) and antibiotics (100 U/mL penicillin, 100 mg/mL streptomycin, and 0.25 mg/mL amphotericin B; GIBCO) at 37 • C under 5% CO 2 . The study was conducted in accordance with the Declaration of Helsinki and ethical approval was obtained from the ethics committee. All participants provided written informed consent as previously described [14] .
Flow Cytometry Analyses
Flow cytometry analysis was performed as described previously [8] . In brief, cultured cells were trypsinized, centrifuged, washed with phosphate-buffered saline (PBS), and incubated for 45 min at 4 • C with specific antibodies. Phycoerythrin-conjugated mouse antibodies against human CD73 (BD Pharmingen, San Diego, CA, USA), allophycocyanin-conjugated mouse antibodies against human CD34 (BD Pharmingen), fluorescein isothiocyanate-conjugated mouse antibodies against human CD105 (BD Pharmingen), and peridinin-chlorophyll-protein-conjugated mouse antibodies against human CD45 (BD Pharmingen) were used to analyze specific surface antigens. Cell fluorescence was evaluated by flow cytometry using FACS Calibur (BD Pharmingen).
Cytokine Antibody Array Analysis
The human cytokine antibody array analysis was performed using a RayBio ® Human Cytokine Antibody Array G Series 2000 (RayBiotech Inc. Norcross, GA, USA) at Filgen according to the manufacturer's instructions. Briefly, SHEDs, DPSCs, and BMMSCs were cultured until they reached 80% confluence and the culture cells were washed with PBS and incubated with DMEM containing 0.2% FBS. After 48 h, the conditioned medium was collected and used in the cytokine antibody array analysis. DMEM containing 0.2% FBS as used for the negative controls. Array membranes were incubated for 30 min at room temperature in a blocking buffer. Arrays with sample were incubated at room temperature for 2 h and then washed with washing buffer. After being incubated with biotin-conjugated antibody, membranes were washed and incubated with fluorescent dye-conjugated streptavidin for 1 h. All scans were performed in duplicate. Signal intensities were quantified with the Array-Pro Analyzer ® Ver.4.5 (Mediacy bernetics, Inc., Bethesda, MD, USA), and the intensities of the same cytokine from different samples were compared.
Enzyme-Linked Immunosorbent Assay
For the quantitative determination of human cytokine concentrations, enzyme-linked immunosorbent assay was performed using The Quantikine Human HGF Immunoassay (R&D Systems, Inc. Minneapolis, MN, USA), Human CCL2/MCP-1 Immunoassay (R&D Systems, Inc.), Human CCL7/MCP-3 Immunoassay (R&D Systems, Inc.), Human Total MMP-3 Immunoassay (R&D Systems, Inc.), and Human CXCL12/SDF-1 Immunoassay (R&D Systems, Inc.) according to the manufacturer's instructions. The ELISA data were obtained from four independent SHED, DPSCs, and BMMSCs, respectively, each of which was performed four times.
Statistical Analysis
All data are expressed as the mean ± SEM. The statistical analyses were performed using the SigmaPlot software 12.3. Differences among the experimental groups were examined by one-way analysis of variance (ANOVA) tests using Tukey's honest significant difference test. A p value less than 0.05 was considered to be statistically significant. 
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Abbreviations
MSCs mesenchymal stem/stromal cells SHED stem cells from exfoliated deciduous teeth DPSCs dental pulp stem cells BMMSCs bone marrow-derived mesenchymal stem cells MCP-1 monocyte chemoattractant protein-1 TIMP-2 tissue inhibitor of metalloproteinase-2 GRO growth regulated oncogene SDF-1 stromal cell derived factor 1 IL-6 interleukin-6 LAP latency associated peptide IGFBP-4 insulin-like growth factor binding protein-4 VE-Cadherin vascular endothelial cadherin HGF hepatocyte growth factor MMP-3 matrix metalloproteinase-3 MCP-3 monocyte chemoattractant protein-1 NAP-2 neutrophil activating protein-2 MMP-1 matrix metalloproteinase-1 TGF-β1
Transforming growth factor beta 1 EGF-R epidermal growth factor receptor IGFBP-2 insulin-like growth factor binding protein-2 PDGF AA platelet derived growth factor AA CXCL- 16 C- 
